Chronic smoking may result in reduced sensitivity to non-drug rewards (e.g., money), a phenomenon particularly salient during abstinence. During a quit attempt, this effect may contribute to biased decision-making (smoking 4alternative reinforcers) and relapse. Although relevant for quitting, characterization of reduced reward function in abstinent smokers remains limited. Moreover, how attenuated reward function affects other brain systems supporting decision-making has not been established. Here, we use a rewarded antisaccade (rAS) task to characterize non-drug reward processing and its influence on inhibitory control, key elements underlying decision-making, in abstinent smokers vs. non-smokers. Abstinent (12-hours) adult daily smokers (N ¼23) and non-smokers (N¼11) underwent fMRI while performing the rAS. Behavioral performances improved on reward vs. neutral trials. Smokers showed attenuated activation in ventral striatum during the reward cue and in superior precentral sulcus and posterior parietal cortex during response preparation, but greater responses during the saccade response in posterior cingulate and parietal cortices. Smokers' attenuated anticipatory responses suggest reduced motivation from monetary reward, while heightened activation during the saccade response suggests that additional circuitry may be engaged later to enhance inhibitory task performance. Overall, this preliminary study highlights group differences in decision-making components and the utility of the rAS to characterize these effects.
Introduction
Nicotine, similar to other drugs of abuse, acts on regions of the brain underlying reward processing (e.g., ventral striatum) (e.g., McClernon et al., 2008; Robinson and Berridge, 1993) . Chronic stimulation of reward pathways has been suggested to result in a compensatory reduction in non-drug (e.g., money) reward sensitivity, consistent with opponent process theory (Koob and Le Moal, 2001) . Evidence suggests that chronic smokers in an abstinent state experience diminished capacity for reward relative to both satiated smokers and non-smokers, including less enjoyment from ordinarily pleasurable events and reduced response to financial reward during a card sorting task (Dawkins et al., 2006; Powell et al., 2002 Powell et al., , 2004 . In addition, a handful of neuroimaging studies using PET and fMRI to assess neural response to non-drug rewards has demonstrated blunted activation in reward-related regions among smokers relative to non-smokers (Martin-Soelch et al., 2001 , 2003 Rose et al., 2012) .
Altered reward effects could have important implications for understanding why most quit attempts fail in that a reduced response to non-drug rewards may result in a biased preference for smoking vs. alternative, non-drug reinforcers. However, characterization of smokers' reward system function provides only a partial picture of the factors underlying decisions to smoke. Reward processes function in concert with cognitive control processes, like inhibitory control, to enable goal-directed behavior (e.g., choosing not to smoke) (Geier and Luna, 2009 ). Several studies have demonstrated deficits in inhibitory control among smokers-effects that are made worse by deprivation (Hatsukami et al., 1989; Pettiford et al., 2007; Powell et al., 2002; Spinella, 2002; Zack et al., 2001 ). However, little is known about how attenuated reward function may impact the interaction between reward systems and cognitive control processes in smokers.
In this preliminary study, we use functional magnetic resonance imaging (fMRI) to assess reward system function and its effect on inhibitory control in adult daily smokers vs. non-smokers. Our approach is novel in that we focus on brain and behavioral responses to reward elicited in the context of an established rewarded antisaccade (rAS) paradigm (Geier et al., 2010; Padmanabhan et al., 2011; Geier and Luna, 2012 
